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Vj44^l the 1972 amendments to the 
Federal Water Ponuti6n Control 



WrtPublic Law 92-500), thousands of 
j)AuAi€ipal waste treatment plants' are 
being constructed or expanded across ^ 
the Nation t^ontrol or prevent water * 
pollution. ^ • ' ^ 



totalling S18 billion to help towns and 
cities construct waste treatment 
facilities^ The grants, wliich cover 75 
percent of the cost of the facilities, were 
to "be awarded by September, 1977. 

The law also established the National 
Pollution Discharge Eliminatipn 
System which calls for 1imitatk)ns on 
the amount and quality of effluents 
and requires all municipal and' 
industrial dischargers to'obtam 
^permits. The permits include 'effluent^^ 
clean-up dates which ^re enforceable ^ 
bx State or Federal Government. . • 
Further, the new law sets this goal: 
water clean Tjnough for swimming, ^ 
boating, and protection of fish, 
shellfish, and wildlife by 1983. 

Construction of the needed municipal 
treatmeht plants won't happen 
overnight. From tirawing board to 
operation. takes time. But progress is 
being made, and more and more 
people are watching tfiis progress. And^ 
they want to knowlnore about 
wastewater treatment. 

This primer explains the met hg^ used 
now' ajid.pfpcesses being developed for 
the future to treat. waste water 
^ discharges and ta,give the Nation clean 
water. 
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The 1972 law aiMiK>nzes grants 



Collecting 

and treating vtfastes 



The most common form of pollijiion- 
control in the United States COTisists 
^ a system of sewirs and waste 
treatment plants. The sewers collect 
the wastfe water from homes, 
businesses, and many industries and 
deliver *it to tho plants for treatment to 
make it fit for discharge<into streams 
for reuse. \ 



4/ 



'here are two kmds of sewer - / 
systems — con>bined and separate. 
Combined sewers carry away both^ 
water»polluted by human use anfl 
/water polluted as it drains off h6mes, 
streets^ or land during a storm. . ^ 

'^^n a separate 'system, one system of 
sewers, usuatiy called sanitary, carries 
only sewage. Another system of storm 
sewers takes care pf (he large volumes 
of water from rain or melting snow; 

Each home has a sewer or pipe wh\h 
connects to the common or lateral ^ 
sewer beneath a nearby street. Lateral 
^sewers connect with Idrger sewers 

' called trunk or fnain- sewers. In a 
combine4<3ewer system, these trunk or , 
main sewers discharge into a larger • 

' sewer called an interceptor. The 

interceptor is designed to carry several 
times the dry-wealher fiow of the 
system feeding^into it. 

During dry weather when the^e>^ers 
are handling only the normal amount . 
of waste water, all of it is carried io the, 
waste treatment plant. During a storm 
when tlje amount of watf r in the sewer 
system is much greater, it may be 
necessary to allow part of the wkter— 
including varying amounts of raw 
sewage — to by^ss directly into the. 
receiving streams. The rest of the ^ 
wastes are scjit to the treatment plant. 
If part of the increased load of wat^r 
were not diverted, the waste treatment 
plant would otf. overloaded and the* 
purifying processes would nol. function 
properly. (Technology has been 
developed that will, when Applied* * 
control and ^reat the storm water . 
discharges and the general runoff of 
rainwater polluted by^dirt and other, 
V _.taminants.) 
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Separate system . . . sto/m sewer outfall 

Interceptor sewers are also used in 
sanitary sewer systems as collectors of 
flow from main sewers and trunks, but 
do not normally include provisions for 
•bypassing. 

A waste treatment worksM)asic 
funcliojiis to^srpeed up the natural 
processes by which water purifies itself. 
In many cases, Nature s treatment 
process in streams and lakes was 
adequate before our population and 
industcy grew to their present size. 

However, these natural processes, even 
tl^otJgh accelerated irf a wasta^ 
treatnient plant, are not sufficient tp 
remove other contaminants such as 
disease-causing germs, excessive *^ 
n\jdg^n\^ such as phosphates and ^ 
nitrates, and chemicals and trace 
elements. 

When the sewage of previous years 
vsTas dumped into waterways, the 
natural process of purification began. 
First, the sheer volume of clelin ^ater 
; in the stream diluted the small amount 
of juvastes. Bacteria and other small 
organisms in the water consumed the 
sewage or other organic matter, 
turning.it into new bacterial cells, 
carbon cjioxide, and other products. 

But the bacteria normally present in 
'water must have oxygen to do their 
part in breaking- down the sewage. 
Water acquires thir ail-important' 
oxygeik>by absorbing it from tjie air 

. '6 '^3, . ■ - „ 



and from plants that grow in the water * 
itself. These planHs use sunlight to turn 
the carbon dioxide prej^nt in water 
into, oxygen. , * • 

The life and death Q(arty body of 
watter depend mai^lySpon its ability 
to maintain a certain amouht of 
dissplved oxygen. This dissolved 
oxygen — or DO — is what fish breathe. 
Without it they suffocate. If only a 
* small amount of ^wage is dumped 
' into 2t stream^ fish are not affected and 
the bacteria can do their work; the 
stream K»n quickly restgre its oxygen 
loss from the atmosphere and from 
plants. Trouble begins* when the^ 
serfage load is excessive. The llbage 
will decay and the water will begin to 
give off odors.* If carried to, the. 
extreme, the water could lose all of its 
ox]%en, resulting in the death of fish 
V.and beneficial .plant life. 

Since dissolved oxygen is the key . 
element in thejife of water, the , 
demands on^lfare^used as a measure in 
telling how well a sewage treatment 
plant is working. This measuring 
device is called biocherAipal oxygen 
'demand, or BOD. If the effluent or the 
ead-product from a treatment plant 
ha£a high content of organic 
pollutants, the effluent will tiave a high 
•BOD. In other words, itwill'demand * 
more oxygen fpom the water to bre^k 
down the seWage and consequently will 
leave the water with less oxygen (and 
also dirtier). ' 

With the growth of the Nation* the 
problems of pollution have become 
mdrc complqx. The increased amounts 
of wastes and the larger deman^^s for 
water have reduced the capacity pf 
running water to absorb waste water 
^ and purify itself. Consequently, cities 
' and industries have Had to begin to. 
. remove as n^uoh^s possible of the 
oxygen-demanding and other 
pollutants* from their sewage. 

' Adequate treatment of wastes along 
with providing a sufficien/supply of 
clean water has become a major 
Q ttccrn. 7 



Basic Treatment 



At present there are two basic stages 
m the treatment of wastes. They are 
caNed primary and secondary. In the 
primary stage of treatment, solids are 
allowed to settle and ace removed from 
the water. The sccon<Jlary stage uses 
^biological^rocesses to purify the 
waste water evefi 'further. In some 
cases, the two stages may be combined 
into one basic operation. 

Primary, Stage" • 

As sewage enters a plant for treatment. 
It flows* through a screen. The screen 
removes large floating objects such^as 
rags and sticks that may clog pumps 
and small pipes. The screens vary from 
•coarse to fine— from those with, 
parallel steel or iron bars wit^i 
openings of about half an inch or more 
to screens witlrmuch smaller openings. 

> 

Screens are generally placed in a^ 
chamber or channel in an inclined 
position to the flow of the ^w^e td 
.make cleaning easier. The debris 
'paught on the upstream surface of the 
screen can be r^ed off manually or 
mechanically. 0 ^ 

Sedimeiitgtion tank ' 



Some pla/its use a device^ known as a 
/ comminutor which combines the 

functions of a screen dnd a grinder. 
, These devices catch and then cut or 
shrpd the heavy solid material. In the 
. process, the pulverized matter remains 
m the sewage flow to be removed latec 
in a settling tai\k. 

Aft^^the sewage has been screened, it 
^ passc^into what is called a grit 

chamlJej where sand,* grit, cinders, ^nd 
small stones are allowed to settle to the 
bottom. A grit chamber is highly 
important for cities with combined^ * 
sewer systems because it will remove 
the ^rit or gravel that washes off 
^ streets of land during a storm and ends 
up at treatment gfants. 

The unwanted grit or gravel from this 
process is usually disposed of by filling 
land near a treatment plant. 

In some plants, another screen is 
place^J after the grit cham6er<o 
remove any further material that might 
damage equipment or interfere with . 
* later processes. 

.\^th the screening completed and the 
grit removed, the sewage still contains 
dissolved organic and inorganic matter 
along with suspended solids. The letter 
consist of minute particles of matter 
that can be removed from the sewage 
by treatment ir\ a sedimentation tank. 




^hen tde speed of the flow of sewage 
through one of these tanks is reduced, 
the suspended solids will gradually 
sink -to the bottom. This mass of solids 
is called raw sludge^ 

Various methods have been devised for 
removing sludge from the tanks. 

In older plants, sludge removaf was 
done by hand. After a tank had hte^i . ' 
in service for several days or weeks^ 
the sewage flow was diverted to 
another tank. The sludge in the ^ 
bottom of the out-of-service tank was 
pushed Q( flushed with water to a pit 
near the tank', and then removed, 
usually by pumping, for further 
treatment or disposal. • 

Almost all plants built within the*past^ 
30 years have had a mechanical means 
for removing the sludge from 
Sedimentation tanks. Some plants 
remove it continuously while dthers- 
remove it at intervals. 

To complete the primary treatment, 
the effluem from the' sedimentation 
tank is chlorinated before being 
discharged into a stream or river. 
Chlorine gas is fed into the water to 
kill and reduce the number ot disease- 
causing bacteri^^ Chlorination also 
helps to reduce objectionable odors. 




* * J 

In thc.past^ percent^pf the 4 

municipalifl^ in the Unite^ Sta^s did 

not treat their sewage beyond the 

primary stage. This amount of 

^ treatment alone was inadequate to 

meet today's water quality 

requirements. To'meet these 

requirements, cities and industries will 

have to remove even more 

contaminants at the secondary stage, 

^ and in some cases, uie advanced 

' treatment. ^ ' 

Secondary Stage 

The secondary stage of treatment 
' removes up to 90 percent of the 
organic matter in sewage by making 
us^of the bacteria in it.* The two 
principal techniques used in the 
secondary stage ait trickling filters and 
the activated sludge process. 

After the effluent leaves the 
sedimentation tank in the prinjary 
stage of treatment, it flows or 
pumped to a facility using one er the 
other of these processes. A trickling 
filler is simply a! bed of stones from 
three to si;cTeet deep through which 
the sewage passes/ Bacteria gather and 
multiply t>n these stones until they can 
consuifie most of the organic mat^r in 
the-sewage. The cleaner water uickles 
out through pipes in the bottom of the 
filter for^rther treatment. 

The sewage^ is applied^ to the bed of ' 
stones in two principal ways^ One 



method consists of distribiiting the ^ 
effluent intermittently through a 
network of pipes laid on /or beneath 
the surface, of the stones; 

Attached.to these pipes are smaller^ 
vertltal pipes, which spray the sewage 
over the stones. » / 

Another much-used* method consists 
a vertical pipe in the centdr of jH^t filt 
•connected to rotating horizontal pip 
which spray the sewage confinuousi 
upon the stones 

From the trickling fitter, the sewage 
flows to another sedimentation tanW to 
rgmove the bacteria/ Chlorination 0f 
the eflFluent completes the seconda 
stage of basic treat/nent 

The trend today %i toward tift use of 
the activatcj(^slud^e proves insteid* of 
.trickling filters. This proQess speads up 
the work of the mcteria by bringing 
air an^Ngludge HeaviiV laden with 
bactera into cipse contact with /the 
seway|fe. 

After tfie sewa(ge leaves the settling 
tank in the primary stage, if is/punlped 
to an aerattioii tf nk where it \i mixed 
with air and/sludge loaded wrth 
bacteria and allowed* to remain for 
several hours. Quiring this time, the 
baiSteria br/sak down the orgaiflc 
matter. 

The sludge, now activated/with 
additional millions of baqteria and 
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AERATION TANK 



Secondary stage k . . activated sludge procei 

*' 9 




other tiny organisms, can be used again 
by returnifig it no an aeration tank for 
mixing with new sewage and ample 
amounts of air. 

The activated sludge process, like idost 
other techniques, has advantages and 
limitations. The size of the units - , 
n^ce&sary^ f or thi&.treatment i& small, • 
thereby re/quiring less land' space and 




TrickUng filte!' % 
Acntfontaiik 



the process is free of flies and odors/ 
But it if more costly to operate than 
the trickling filter, an^ t|ie activated % 
sludge procesa^sometimes loses its 
effectiveness when face^ with complex 
industrial •wa.stes. - 

An adequate supply of oxygen is 
necessary for the activated sludge 
process to be effective. Air is mixed 
with sewage and biol9gically active 
sludge in the aeration tank^ by three 
•different methods. ^ 

The first, mechanical aeratfon,Ms 
accomplished by drawing the sewage 
frorfi the bottom of the tank and 
spraying it over the surface, thus 
causing th^ewage^to absorb la'rge 
amounts oj lu^gen from the 
atmosphere. 

In the second method, large amounts 
of.air under pressure are piped down 
into the sewage and forced out 

* through openings in Xhe pipe. The 
third method is a combination of 

^ mechanical aemtion and the forced air 
method.^ 

From the aeration tank, the sewage 
flows to another sedimentation tzfnk to 
remove the bacteria. i 

The final step again c6nsists of the 
addition of cWorine— tn^mcftt 



common method of (infection— to , 
the effluent coming from the trickling 
filter ©reactivated kludge process. 

Chlorine is usually purchased in liquid 
forrn^ converted to a gas, and jnjected 
into the effluent 15jo 30 mmufes 
before the treated wat^r is discharged, 
into ^ y/kiCT course. <f done properly^ 
chlorination will Kill more thin 99 
percent of the harmful bacteria in an 
effluent. 

Lagoons «[ 

Lagoons,' or as they are sometimes 
called^ stabilization or OAidation ponds 
also have several advantages when 
used correctly. 

They can be used to trea^ sewage to the 
s^comiary stage of treatment or they 
can be used to supplement other 
processes.' 

A lagoon is a scientifically constructed 
Sewligc 'treatment lagoons 



pond usually three- to five feettieep, in, 
which sunlight', algae, and oxygen 
interact to restore water to a quafity* 
that is often equal to effluent from the 
secondary treatment stage. Changes in 
the weather may'change the 
effectiveness of lagoofts. 

• 0 

Whe^^ used with other basic waste 
treatment processes, lagooi^ 9an b& 
very,elTecti\«. *A good example of this 
is the.Santee, CaliforniaTwa^r 
reclamation project. After 
conventional basic treatment by 
activated sludge, thettown's waste 
water is kept in a lagoon for 30 days. 
Then the effluent, after chlprination, is 
piimped to land immediately above a 
series of lakes and allowed to trickle 
down through sandy soil into the 
lakes. The resulting water is of stich 
good quality, theVe$idents. of-the area 
c^ sVim, boat, md lish in the lake 
water. 



Septic Tjinks ; 

A septic, tank is simply a tank t>uried 
in the ground to treat the socage fron{ 
an individual' home. Wa*st« water from 
the .home flows intd the tank where 
bacteria in the 'sewage nciay break ( 
down the organic matter and the ' ' 
cleaner, water flows out of the taak 
into the ground through',saib'^rface 
drains. Periodically, the sludge or solid 
fnatter m tHe'^bottom of the taok must 
be removed and disposed of. 

In,a rural setting, with the right kind 
of sQil and the proper location', the 
septic tank may be a reasonable and 
temporary means of disposing of 
^ strictly domestic wastes. Septic'tanks ' 
should always be* located so that none 
of the eflluent cah seep^ into sources- 
u^d for dfinkinf . « 



Operation and Maintenance " . ^ 

. Wastewater tffeatme^it/ptatj^ can clean 
'the Nation's waters^and fJcevent , 
pbllution. But to,a(xcy5QpJish<^h^ 
purpo$e,»iliey must'fee mairtt^inf d and " 
Qper3ted^^cife«tly. ' •/ ^ \^tJ' 

. EpX studies, h^vs sh^wn t|tia*inaoy ^ 
wastewk\ef>U^2Kinent' ib|n|j^e^ pot^, 
me^mg watfr'c^^^^eqiiireme^ ^ 

^*Th^mostxommon TCi^n for this 
farriure is poor ciperation and 
maintenance. V\ sufficient number of 
welUrainod operators and 
maintenance people and a well-, 7 . 
equipped water-testing laboratory will " 
assure an efficient operation ana a ' 
satisfactory^- reduction of poUutaiits,. 



Need 

for FiiKher treatment. . 
of Washes 



Tn the past, pollution control was 
- ^concerned prim^ily with pjobtems 
causipfi by domestic and the simpler 
waste§ <rf intfu^try. Control was aimed . 
Pfincipally tdSvafds protecting 
downstream public water supplies 'and*' 
^ stopping or pcrventing nuisance • 
conditions. 

PoUutipn problems were principally 
local in extent and their control a local 
jnatter. 9 ^ 

Thiais no longer Ifue. National growlh 

* and change have<|^lteri^ this picture. ' . 
Progress in abating polKition has been 

* outdistanced by population growth, 4 
the .speed 6f industrial progress and 
techndlog^i developrnents, changing, 

•land practices, and many other factors. 

The increased f)roduction of goods has* 

* greatly iricreasjftlhe amount* of ^ 
commoQ industrial wastes/Nev 

* processes in manufacturing are 
producing r^w, complex wastes that 
sometimes defy present pollution 
i5ontroi tec^nolbgy. The increased 
application of commercial fertHizers 
and the development and widespread 



. ^ * . ' *^ • : a 

'Use of a vast array of nj|| pesticides 
are resjulting JiCa host o^ew pollution ^ 
prpljlems frop wat^r draining o*ff latjd: 

The growJth of ^he nuclear energy fiely! 
a(Ad the use of radioactive materials 
fofesViadow still another complicating 
and potentially serious water pQ'Hution 
situation."**^ 

Long stretches of both interstate and 
intrastate streams are ;5uhjected to 
pollution) ^hicn ruins or reduces the 
use of the wa^er for many purpose?. • 
CofTventional ^iological was|e p 
treatment ;proc^sses are harjl-pressed 
to hold the pollution line and f^ a 
growing number of dor lai^er cities 
thesa processes are no )aoget adequate. > 

Our growing pQpulation/not only is 
packinjgj>ur central cities bu\ 
sprSadiiig o^t farther ahd farther into ' 
suburbia and exurbia. Across the 
country, new satellite comn\unities are 
being. Dorn almost daily. The 
construction or extension of ^wer' 
lines has sometimes not matched either' • 
thi growth rate of changes in growth ^ . 
patterns. Sea water intrusioi1% a 



grOwing'^cbblem.irf coastal areas, is' 
usually icaused by the excessive 
- pumping of fresh water from the 
ground whkJh lowers the water ^evel, 
allowing salt waler to flow into the 
ground water ^re|[^ - * * 

^Bie types of Pollutants 

Present Jay problems tl^ must be met , 
by sewage trpatmmt plants tfan be, 
summed up in^Ht types of pollutants 
affecting Our^vwro. . / • 



Tlie efghflgeiieraTcJlegoneTare: ^ 
-conimon sewage and other oxygen- 

. demandir^ wastes'; disease-fusing . 
agents; plant nutrients; synthetic 
organic chemicals; inorganic chemicals 
^and other mineral substances; 

"Sediments; radioactive substances; and 
heat,^ 

^ Oxy sen-demanding waslcs— These are 
the -traditional organic Svastes and 
ammonia contributed by domestic 
. sewage arid industrial wastes of plant 
/ind aninria^ orgm. Besides^uman 
* seAvage, such wastes result from food 
•processing, paper rnill production, 
tanning, and other itianufacturing 
processes. These, wastes are usually 
^estro]^bby bacterja if th^ is 
' suffici^Hjl^ygen present ii^tie water. 
Since, fish and other aquatic life 
dej^rid on oxygen fot lift, the oxygen- 
demanding wastes must be controlled, 
ot the fish die. • ' ' 



Induiibrial wtstc4 



' Dbessc-^ausinjg agents f—TMs category 
includes infectious organisms which 
arei:arried iiito surface and ground 
water hy sewage from cities and 
. • institutions, and by certain kinds of 

industrial wastes, %uch as tar^ning and 
^ meat ^cking (Plants. Man oV animals 
come inv contact with these microbes 
either by driaking the water or 
tly*ough,swinSiT>mg, fishing, or q^her 
, , iMJtivities. AltMfi^ij^ 

,dtsinfection^c%^|(ps have greatly 
^ ' redUoednhe da^plcbf this type of 
poUotantt the ^blem must be 
watched censfantly. 

A»*niit nutrients— These are \hc 
gp^^istances in the food cl^in of aquatic 
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life, such as algae and water weeds, 
which s;iw)ort and stimulate their - 
growth. Carboy, nitrogeti and 
phospnorus are the three qJiief 
nutrients present in natural water. 
Large .amounts of these nutrients Ure m 
prodlM^ei^by sew^e, certain industrial 
waste$^ and drainage frdMertilized 
landsf Biological.waste t^Vment 
processes do not remove the % 
phosphorus and nitrogen to any 
substami^l extent — in fact, they • 
convc^ft the organic forms of Ihqse 
substances Into mineral f^rm, making 
th^ more usable by plant life. The ' ' 
problem starts when a;i exce^of these 
nutrients over-stimulates the growth of 
water plants which cause unsightly 
conditions, interfere With treatment 
processes, and cause unpleasant ^jid . 
disagreeable tastes and o^ors in the 
water. ^ 



SynthetiC'Orginic chemicals ^Included 
in this category are detergents and 
othCT^household aids, all the new 
synthetic organic pesticides, synthetic 
industrial chemit&ls, and the wastes 
from their manufacture. Many of these 
substances ait toxic to fish and aquatic 
fife and po^ssibly harmful to humans. 
They cause taste and odor problems, 
and resist conventional waste ' 
treatment. Sorhe 'are known to bfe 
highly poisonous at very low 
concentrations. What- the long-term 
effects of small doses of toxic 
substances may be is not yet known. 

Inorganic chemicals and mineral 
substances— A vast .array of metal 
salts, acids, solid\natter, and many 

, other chen^idal con^poond^ are 

included in this grotip. They reach 9ur 
waters from' minii^g and 

V manufacturing processes oil field^ ^ 
operations, agncultn^l practices, and 
natural sdurces. Wate? used in 
irrigation picks up large amounts of 

/nioirals as it filters down through the 
soil on its way to ^he nearest stream. 
Acidsjof a wide variety are discharged 
as wastes by industry, but the largest, 
single swrce of acid in our water 
comes from mining operations a fid 
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mines that have beeln abandoned. 

Many of these types of chemicals atre 
being crefated ej^ch year. They interfere 
with natiA-al stream p^fication; 
destroy fish and other aquatic life; 
cause excessive hardness ofip»ater ^ 
si^fplies; cforrdde 6xpensjye water . 
treatmenjt equipmeltt; increase ' 
commercial and recreational boat ^ 
maintenance cost§; and ^ost the cost 
of M^aste treatment.. ^/ 

Sediments— These ar^he particles of 
soils, sand5,^nd minerals washed from 
the land and paved areas of 
communities mto the water. ^ * » 
Construction projects are often large 
sediment producers. While not as « • 
•irtsidious as some other^i^s of 
pollution, sediments 'are a«ajor ' 
problem because of the sh^r 
magnitude of the amount re.^hing our ' 
waterways. Sediments fill stream 
'channels and harbors, requiring 
expensive dredging, £|nd they fill 
reseiyoifs, reducing their capacities • 
and useful Ufe.-ljj^ey erode power* 
turbines and pumpinc equipment, and 
reducev fish and shellfish populations 
'by blanketing fish nest$ and food , 
supplies. ^ * . . 

' More importantly, sedimepts reduce 
the amount of sunlight penetrating the 
wajter. The sunlight is fequired by 
green aquatic plants whjch produce tKc • 
oxygen necessary to n6rmal stream 
balance. Sediments greatly increase the 
treatment costs for municipal and 
industrial water supply and for sewage 
treatment wherj combined sewers ate 

. in.U9C. ' " . . / . 

kadioactive substances— Jjtadioactive 
pohmion results from the mining tmdV 
processing of radioactive gres; from 
the use of refined radioactive materiak 
in power reactors and for industrial, 
medicaj, and resefrc^^piirposes; and 
from fallout following nuclear 
weag^ns testing; Increased use of these 
substinces>poses a potential public 
health problerfi. Since radiation 
accumulates^ in huipfms, control of thi$ . 
* type of pollution mUsCtake.into ^ 
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\conslderation total exposure in the 
fiuman environment— water, air,, food, 
occupation^ and medical treatmer^ 

Heat— Heat reduces the capacity, of 
water to absorb oxygen. Tremendous 
vplumes of water are used by ppwer 
plants and industry for cooling. Most 
of ihewater, with the added heat, is • 
returned to streams, raising their 
temperatures. With less oxygen, the 
watei; is not as efficient in assimilating 
oxygen-consuming wastes and in 
suppbrting fish and aquatic li£e. 
Unchecked waste heat discharges can 
seriously alter the ecology of a lake,^ 
stream, or cven"part of the sea. 

Water in lakes or stored in 
iihpoundments can be greatly affected 
by^heat. Sunimer temperatures heat up 
the surfaces, causing the water ip form 
into layers, with the cooler water . < 
forming the deeper layers. 
Decomposing vegetative matter from , 
tiatural and man-made, pollutants 
deplete the oxygen from fhe§e cooler 
lower laye|^with hirmful effects on 
the aquatic life. When the oxygen- " 
deficient water is discharged from the 
lower gates of a dam^'it may have 
seripus effects on downstream fish life 
and reduce the ability of the stream to 
assimils^te d^wnstreany^jlution. 

To complicate matters, most of our* 
wastes area mixture of iht bight types 
of pollUtioft, making the problems of 
treatment and control that much more 
difficult. * , . 

Kiunicipal wastes usually contain 
oxygen-consuming poUutahts, 
synthetic organic chemicals such as 
detergents, sediments, and o^er types 
6f*pallutants. Tlie same is true of ' 
many industrial wastes whidh may 
conlain,* in addition, substantial 
amounts of heat from cooling 

Erocesses. Water that drains off the, ^ 
md usually contains great amounts of, 
organic matter in additiori to sediment. 
Also, land drainage may coptain 
radioactive substances and pollutants 
washed from the sky, vegetation, ' 
Q tdings, and streets during rainfall. 



Advanced Methods 
of Treating ^ 
. Wastes ^ 



T*hcsc rtcw problems of a modern , 

society have placed additional 
burdens upan our waste treatment 
systems. Today's pollutants are more 
difficult to remove from the wat^ 
And increase^^emands upon ouF 
water supply aggravate the problem, 
buring the dry season, the flow of 
rivers decreases to such an extent that 
they have difficulty in assindilating the 
affluent from wasje treatment plants. 

^ In the future, these problems will be 
met througji better and more complete 
methods of removing pollutants from 
water and better means^for -preventing 
some wastes from even reaching our 
Mrcamsnn the first place. 

The best immediate answer to these^ 
problems is the wiijespread application 
of exjsting waste treatment methods. ^ 

; M4hy cities sfilhdo not treat their' _ 
' sewage beyond they primary treatment , 
stfige. Many other cities. need enlarged 
• of modernized systems to treat 
waste water at the^econdary stage. But 
this only a temporary sohition. The 
discharge of iJxygcji Consuming wastds 
will increase despite Jthe nationwide / 
addition of the secondary stage of 
wastewater treatment. And these are 



ikt simplest wastes to dispose of. 
Conventional treatment processes are 
already losing the battle against tfie 
modernniay, tougher wastes. 

The increasing need to reuse water 
now calls for better and better waste 
treatment. Every use of water— 
whether at home, in the factory, or 05 
the farm— results in some change in its 
quality. 

To return, water of more usable quality 
to receiving lakes and streams, new 
, methods for removing pollutants are* 
being developed. The advanced waste 
treatment techniques under 
investigation range from extensions of. 
biological treatment tapaole of 
removing nitrogen and phosphorus 
nutrients to physical-chemical 
separation techniques such as 
adsorption, distillation, and reverse 
osmosis. ^ < 

* 

These new processes can achieve any * 
'de^ee of pollution control desired ^ 
and, al waste effltifer\ts are purified to 
higher and higher d^gtees by such 
treatment, <he point is reached where ' 
effluents beG§me "too good to throw * 
away." - -'J- 4 ^ \ ' 



itv|i9ccd wastewater treatmcat plant 





Such waiter can be deliberately ^nd 
directly reused for agi;ic.ultural, 
industrial, recreational, ox, even 
drinlcing water supplies^ This complete 

renovation will me^n complete* 
pollution control and^tht same time 
m^fC watcr.for the* Nation. ^ 



Land Application 

Land app^cation is one? method of > 
^ advanced wastewater treatment that - , 
can remove pollutants npt removed in , 
basic treatment, and in some cases, 
reuse or rcnoyaie the^aste^ water. 

Municipal waste water has been iwed to 
irrigate crops arbund the country, but 
primarily in the arid wcsIctti states. \ 
Land application of industrja] 
waste wate^ has also' been tried but 
mainly in a fei^ easterrt states. In land * 
application three techniques are u^ed: , 
^ crop^ irrigation, rapid inpltration* ♦ 
overland flpw, orarcombinatiow^f the 
*tlfree. ^ • ' • ' ' ' 

Inlg^ion • \^ 

In the c^ of crop irrigation (pr jlow 
rate infiltfation) the wastewater ^ 
penetjates into the groimd where the 
natural filtering and straining action of 
.the soil removes most of the ^ . 
pollutants. The water eventually 
percolates to the groundwater, ,^ ' 
evaporates, or is absorbed by plahts. 



Crop irrigation is one land application 
"metnod that reuses the water, and the 
mihferals and' nutrients in it. It is the 
most cOnjmonly used land application 
technique/ The wastfe water is 
sometimes jdlsinfected before being 
used i^T crqp*irrigalion, deperKling on 
• the end use^ of t^ie cfrop. The 
' waste water is applied to ihe l^^^^W 
. spraying, flooding, or ridge and f^Bb^ 
irrigation, to supply water and , 
nutrients to the crops. The irrigation 
method, selected depends on tost ^. - 
consijJeralionI, terrain, and the crops 
grown> Mtich of the .water and mos^of 
the nitrogen ar^ absorbed by the- 
plants. The'remaining, water . . ^ 
evaporates or percojates to the * 
gr9uridwater. Phosphorbus arjd trace 
etements afeVretnoyecj to the soil by 
adsorption. . ^ * J * 

'Itapid-lnflltration ^ ^ \^ ^ 

VMVe sjow rate s^efns, Jthe^ r^^id* / 
i'nfiTlration process is lised irrajnly to; , ^ 
tr^at artd*peeover waiste >yater fbr reuses. 
Siqce the rapid infihrationTj^oC^ss Is. ' 
the simpjest land apjjlicfetioii . . . 
' technique,.and is effective in cold oA 
wet Weather, it has^beaep tt^otf* ^* 
freq^uently in th^ i\6rt|^astei'n^slatis. , 

, Large amo'upts ofwaftte w^kf are;; 
api^liecf tp ft limited land arc^^ind ' ' . 
allowed to infiitral^. thfe ground^s » - 
surface an<^' pero6iate through .tfje solP 
below. Jlf the water & to 'be reysed, it 
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Ridge and furrow Irriiatioii ^ 




can be recovered by drilling wells to ^ 
draw it to the surface. Normally, 
however, the water will seep _ 
downwarcr to the goundwater. Because 
this process depends on the soil's , 
ability to absorb a large amount of 
water quickly and efficiently, good soil 
drainage is important. Impervious soils 
may be better suited to (he overland 
flow process. 

Overland- Vkfw 

This method has ])een used 
^rvsuccessfuUy in the food processing 
/ mdustries to remove bacteria and 
. nutrients fpom waste \yater. And it has 
. been used to a kmited extent in 
treating niunicipal waste water for 
many years. ' 

The waste water is allowed to flow- , 
down- a sloped surface that is^ planted 
with vegetation to contrcJl runoff and 
erosion. As the water runs dbwn the 
slope, the soil and its micro-organiSms 
rem^ the bacteria and nutrients. 
Most of the water is recovered at 'the 
bottom t)f the slope foe reuse. The 
•remainder evaporates. This process is 
well suited to clay or clay-type soils 
with little or no absorption capacuty. 
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rhatcvermethod is used, Idnd - 
application may be an ecohomic 
Titcmative to more costly advanced 
*jfc^atment pl^nt3. fcarther study is 
underway to evalu^t the costs ngiore 
Accurately. Research is also behig 
K:onducted to detcrnvrie what J^vels of 
^nqtri^nts ahd trace^fcments can Be 
allo^v€d'to build up in the soil without 
harming agricultural plants, or posing 
health hazardsjvhere the crop^ may 
enters human food* chain. 




Coagulation ^Sedimentation 

'The application of advanced 
techniques for'waste tr^tment, at least 
in the next several years, will most 
likely* take up >vhere primary and- 
secondary treatment leave off, . • 
Vitimately. entirely new systems will 
no doubt replace the modem facilities 
of today. 

.Tl}e process known as coagulation- 
sedimentation may be used to increasfe 
the renioval of solids fronl effluent 
aft^r primary and secondary * 
treatment. Besides removing essentially 
all of the settleable solids,'this method 
can, with proper control and sufficient 
addition of chemicals, reduce the 
concentration of phosphate by over 95 
percent. 

In thi$ process, alum, lime, or iron 
salts are added, to effluerft as it comes 
from the secondary treatgicnt. The 
flow then*passes through floccylation 
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tanks where the cheqiic^ cause the 
"smaUcr particles to floe or bunch 
iQgcther into large masses. 

The larger masses of particles or lumps 
will settle faster when the effluent' 
reaches (he next step — the' 
sedimentation tank. 

Although used for years m the 
treatment of industrial wastes and in 
water treatment, coagulation- 
sedimentation is classified as an 
advanced process because it is not 
usually applied to the treatment of 
municipal wastes. In many cases, the 
process is a necessary pre-treatment 
for some of the other advanced 
lechniques. 

Adsoiption 

f|[echnology has also been developed to 
effect the renewal of refractory organic 
materials. These materials are the 
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stubborn organic matter which persists 
in water and resists normal biological 
treatment. 

The effects of the organics are not 
completely understood, but ta§te and 
odor problems in water, taintmfe of 
iish flesh, foaming of water, and fish 
kills have been attributed to such 
materials. 

Adsorption consists of passing the 
effluent through a bed of activated 
carbon granules which will renjpte 
mor^ than 98 percent of the orgaflics. 
To cut down the cost of the procedure, 
the carbon granules ^can be-cleanedJ^y 
heat and use(j again.'. ' ^ 

. Except for the salts added during the 
use of water, municipal waste water 
that has gone througli the previous 
advanced processes will be restored to 
a chemical quality almost the same as 
before it was used. 

When talking of salts in water, -salt is 
not limited to the common kind that is 
used in the home for seasoning food. 
In waste treatment language, salts 
me*an the" many minerals dissolved by 
water, as it passes through the air as 
rainfall, a's it trickles through the soil 
and over rocks, and as it is used in the 
home and factory. 

Electrodialysjs 

Electrodialysis is a rather complicated 
process, by which electricity and 
membranes are used to remove salts 
from an effluent. A membrane is 
usuallylbade of chemically treated 
plastic. The salts are forced out of the 
water by the action of an electric, field. 
When a mineral salt is placed in water 
it has a tendency to break down intb 
ions. An ion is an atom or a small 
group of atoms having an electrical 
charge. 

As a city uses its water, the amount of 
salts in the water increases by 300-400 
milligrams per liter. Fortunately, 
.electrodialysis can remove this buildup 
of salts. 
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In,other words, this process returns the 
salt content of the water to where it 
. was or even fetter than wheo the city 
first received the water. 

The Blending of Treated Water 

Properly designed and applied, the 
methods that have been explained will 
be able to supply any quality of water 
for any reuse. 

But none of these processes will stand 
alone. They must be used in a series or 
a parallel plan. In a series, all the 
sewage passes through all the 
processes, one after another, each 
process making a particular 
contribution toward improving the 
water. For example, the conventional 
primary stage of treatment removes 
the material that will readily settle'or 
float; the secondary biological step 
takes care of the, decomposable 
impurities; coagulation-sedimentati^, 
the third step, eliminates the 
suspended solids; carbon adsorption 
I removes the remaining dissolved 
organic matter; electrodialysis returns 
the level of the salts to what it was 
before the water was used; and, fmally, 
chlorination provides the health safety 
barrier against disease carriers. , - 

Ba^cally the same result carv be 
achieved by separating the effluent into 
two streams. In this instaope, all of the 
waste receives the basic treatoient aiid 
then passes through the coagulation- 
. sedimentatidn and adsorption 
processes which remove the organic 
matter. Hal^ of the semge is then 
treated by evaporation Nkd adsorptioi) 
to. remove aU impurities including the 
minerals. This effluent, when blended 
with the other half, can provide water 
with the desired level of minerals. 
After chlorination, the water can be 
reused for industrial purposes. 

Almost any degree of water quality ^ 
-can be acRiev^d by varying the flow of 
the rivo streams. This technique 
reduces the treatment cost, since only a 
fraction of the flow requires treatment 
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with the more expensMNinit 
processes, such a& distiOatidn. 

Distillation or evaporation basically 
consists of bringing^e effluent to the 
boiling point. The steam or vapor 
produced is piped to another chamber 
where it b*cooled, changing it back to 
a liquid. Most of the unwanted 
polluting impurities remain in the 
original chamber.^ However, some 
^ volatile substances may distill along 
i/iih the water and carry along foreign 
materials that contribute objectionable 
taste, y 

As most people have disetJvered, 
distilled water has a flat, disagreeable 
taste caused' by the absence qf minerals 
and air. But by blending this pure 
~ Neater with water that still contains 
some minerals, a clean, better tasting 
water resuks. And just as importantly, 
the more expensive distillation process 
is used on only part of the effluent, and 
^gjhe rest of the waste water is treated by 
the less costly procedures. * 



Denitrification plants can remove 
excess nitrogen in advanced treatment 




Wastewater filtration unit in the coagulation^sedimentatloa pnatm' 
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Nbw Chalierifies 

for Waste Treatment ^ 



Cafar, the most readily availabk 
'^processes that will solve most 
current pollution problems have been 
covered. But the future holds raany 
new challenges. Scientists are still 
, looking for .the ultimate system that 
'mil do the complete job pf cleaning -up 
water, simply sipd at a reasonable cost. 

One such possible process under study 
is reverse osmosij. When liquids with 
differerft concentrations of mineral 
s^lts are separated by a memtefine, 
molecules of pure water tend to pass 
by osmosis from the more 
concentrated to the less concentrated 
side until both liquids have the same 
mineral content. ^^f^^^-'^ 

^ Scientists are now exploring ways to ' 
take advantage of the natural 

«hcnomena of osmosis, but in reverse, 
/hen pressure is exerted on the side 
^ with the most mineraU, this natural 
force reverses itself, causing the 
molecules of pure water to flow out of^ 
the compartment containing a high 



salt concentration. 

Tlhis means that perfectly pure water is 
being taken ofit of the waste," rather 
than taking pollutants out of water as 
is the traditional way. And this process • 
takes clean water away from 
everything— bacteria, detergents, 
nitrates. * . ^ 

Tests have jshown that the tl\eory 
works well, resulting in water good 
enough tO|drink. EfTorts are new 
under way to develop large membranes 
with long life. Also, the process and 
equipment need to be tested on a large 
scale. ,^ 

,Many other techniques to improve 
waste treatment are undb^r ^ 
development in laboratories and in the 
field. 

For example, m denitfiflcation, special 
microscopic organisms ar€^)eing 
tested for removing nitrate? from • 
waste water by reducmg the hhi^tes 
to elemental nitrogen. 
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Chemical Oxi^allbf^ 

Municipal waste waters contain many 
organic materials ori^y partially 
'removed byi the conventional 
treatment/methods. Oxidants such as 
ozone ano chlorine h^ve been used for 
m)any years to improve the taste and 
odor qualities or to disinfect municipal 
drinking water. They improve the 
quality of water by destroying or ' ^ 
, altering the .structure of the chemicals 
in tfie water. % - ^ 

, However, the concentration of the 
' organic materialspn drinking water 
supplies is miich Jess than it is in the 
wast.e-bearing,wate%reaching - * 
treatment .plants. Until recentlj^, the 
cost of the oxidants has prevented the 
use of this process in the treating jDf 
wastes. When operated in 
conjunction with other processes, 
oxidation could become an effective 
weapon in eliminating wastes resistant ^ 
to other processes. ' 

\ Polymers and Pollution 

In discussing the coagulation- 
sedimentation process, mention was 
niade of. the use of chemicals to force 
suspended ,!fl»lid$ into larger masses. 
The clumping together helps speed up 
one of tfie key st^ps in waste 
''treatment— the;sep^ration of solidls 
> and liquids. 

During the past 10 to' 15 years, the 
chemical^ industry has been working on 
synthetic organic chemicals, known as 
polyclcctrolytes or^^olymers, to further 
improve the separation step. 

' Formerly, polymers have proved 
effective when used ^t a later stage of 
trcatmjent— the sludge disposal step. . 
Sludge must be dewatered so that it 
can more easily.disposed of. By 
introducii^ polymers into the sludge, 
the ph)t*ical and chemical bonds 



between the so4id§ are tightened. When 
this happens, the water can be 
•extracted rtiore rabidly. 

Wider use^of polymers is now being 
' invest igiated. By putting polymers into 
streams or rivers, it may be possible to 
c^ture silt at specified locations so 
that, it can be removed in 'quantity. 

-If polymers ^re put into raw sewi^e, 
waste treatment plants may be able to 
copibine a chemical process^ith the * 
standard primary and s(||||>ndary 
stages: Atid this method of removing 
solids can be applied immedia'tely 
without lengthy and expensive* 
addition of buildings or new facilitfcs. 

The chemicals also hold promise as a 
means of speeding the flow of waste 
waters through sewer systems, thus, in 
effect, increasing the capacity of 
existing systems. 
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The Use-pr Dispd!^at 
of Wastewater Treatment 
Restduee 

If 

No matter how gooi^the treatment of 
wastes, there is always something 
left oyer. lt*may be the racs and sticks 
that were ca.ught on t^e screens at the 
very beginmng.of thc^Jffaiary 
treatment. It^could be brind or it could 
be sludgCH-thiat part of the se^yage^ 
that §ettle$ tattie bottom in* 
sedimenltation tanks. Whatever it is, 
there is always something that must be 
reused, burned, buried, o( disposed of 
in some manner. 

The management of these wastewater ^ 
treatment residuals is a twofold, 
j)robiem. The sludge or other matter 
must be disposed of to complete a 
city's or'industry's waste treatment 
efforts. And it^m^^ be (|one in a 
mannei^ not to upset the rest the 
cnwdnment. p 

If it is burned, it must be^done in a 
way not to add to the pollution of the 
atmosphere. This would only create an 
additional burden for our already 
over-burdened air to cope with. And 
air pollutants by the action of rain and 
wind have a habit of returning Co the' 
water, further complicating the waste 
treatment problem. 

. The requirements ^the Federal W^ter 



' PollutiorTControl Act Amendments of 

1972 (PL 92-500) emphasize the need 
^tp employ environmentally sound 
''sludge management techniques. At the 
same time, the national requirements 
for improved wastewater treatment 
will result in the prodtfttion of a 
greater quantity of Ksiduais. And 
possibly more concentrated forms of 
contaminants will 'be present in these - 
residuals tj|an ev^ before. As much as 
40 percent of the construction feratit 
funds for iQdividnal treatment plar\ts 
provided lender PL 92-5()0 may be 
required to^build adequate sludge 
inanagement facilities. Inaddit^Lthe 
permits required for effiu^nt doRlf^e 
. from sewage treatn^ent plants can in ' 
some cases be aflfected by the sludge 
managemerft techniques employed by 
the facilities. 

There are many methods and processes 
for dealing with the "ultimate 
disposal!* of wastewater treatment %^ 
residuals. In general, the various 
tecliniques involve either direct 
resource recovery from or beneficial 

uses of the residuals. 

* — ^ 

One of the most comtnon disposal 
methods consists of digestion followed 
by fHtration and incineration."Phe« . 



Sludge drying bedi 



digestior\^of sludge &kes place in ^ 
heated tanks Wher^ the material can 
dccempbse naturally and the odors 
can be controlled^ As digested sludge 
consists cff 90 to 95 percent water, the 
next step in disposal must be the 
■ removal of as much of the water'as 
possible. ^ 

Water can be removed from sludge by 
use of a rotating filter drum and 
suction. As the drum rotates, the water 
is filtered out of the sludge and the, 
residues arepeeled off for disposal. 
Fop more effective dewatering, th€ 
sludge can be first treated with a< ^ 
coagulant chemical such as lime or 
ferric chloride to produce larger solids 
before the sludge reaches the Ulter. . 

Drying beds which are usually made of 
layers of sand and gravel can be used 
to remove water from sludge. The ^ 
sludge is spread over th^ed and 
allowed to dry. After a week or two of 
drying, the residue will be reduced in 
volume and, consequently, will be 
easier to dispose of. 

Incineratlion .consists of burning the 
dried sludge to reduce the residues to a 
non-bUmabfe ash. The ash can be^ 
disposed of by filling unused land. 
SincOnost of the pollutants have been |^ 
reillbved by the burning, the |ish t 
shbuld cause very little nuisance. 

In 1974; 5,676,000 tons of sewa'ge 
sludjge >were disposed in the oceans. 
ThpMarine Protection, Research, -and 
Sanctuaries J|g|^ of 197^^ authorized 
EP^A to regdiate (hi^ kmd of ocean 
disposal, y^cordingly, EPA 
implemenlOT a permit program in late 
19/3 to limjt the amounts and kinds of 
wastes that cam be dumped at sea. 



A very promising new approach to , 
sludge .management getsjid of the 
.unwanted sludge and helps restore 
ravaged cduntrysides, where tops of 
hills and mountains were sliced away 
io get at the coal beneath. This^trip 
'mining left ugl^'gashe^ and scars ii> 
O irwise beautiful areas of some % 
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Municipal .^odge may be composted 
for use as a soU enridier 




Rotattng dram, filter 
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Treated sludge may be used as fertilizer for some agricultural crops 



States, 
years' to 
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ould take nature many 
lair the damage. 



Under a new^sludge management 
approach, digested sludge in semi- 
liquid form is 2*pcd to the spoiled 
areas. The slurry, contai^gjig^autnents 
from the wastes, is spread ov^J- the 
land to give nature* a hand in returning 
grass, trees, and flowers to barren 
land. 

Restoration of the coururyside wilf 
also help control theiflow of acids that 
- drain from mines into strerftris and 
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rivers, endangering hsh and other, 
aquft^ life and adding to the diffici/!ty 
of reusing the water. 

Sludge or other waste concentrates are 
not always costly burdens. By drymg 
and other processes, some cities have 
produced fertilizers from sludge which** 
^are sold to help pay part of the cost of 
treatmg wastes. Sotne municipalities . 
use the soil ennchers on parks, road 
parJeways, and other public areas. 

Some mdustries have found they can 
reclaim cytam chemicals during waste 
treatment processes and reuse them. 
Other firms have developed saleable 
by-products from residues of waste' 
treatment. 

More studies are underway to fin'4 » 
other beneficial uses for sludge atwTto 
help solve the problem of what to do 
vyith increasing volumes of wastewater 
treatment residuals— and to help offset 
the ccfst of waste treatment. 
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Comtjioh Waste 
Treatment t 
Terminology 

Activated Shidge process Vfmoves 
organic matter from sewage by 
saturating it with air. and addmg 
b4o)ogicalty acXive sludge. 

^dsorptkm is an advanced way of 
treating wastes 'in which activated 
carbon temoves organic matnrf from 
waste water ^ 

Aeration Tank serves as a chamber 
for injecting air into water 

Algae are plants which grow iivsunlit 
waters They are a food for fish and 
small aquatic animals and. like all 
plants, put oxygeil in the water 

Bacteria are small living organisms^ 
which often consume the organic 
constituents of sewage 

r 

BOD, or biochemical oxygen de- 
mand. IS the dissolved^ oxygen 
required by organisms for the aerob- 
ic decomposition of organic matter 
present in water It is used ^s a 
measure in determining the efficiency 
of a sewage treatment plaqt or to 
determme the potential of an effluent 
to degrade a stream 

Chlorinator is a device for adding 
chlonne gas to . sewage to kill 
infectious gei 



Digestion of sludge takes place in Incineration consist^ of burning the 
tanks when the*hiatertals decompose, sludge ' R^^^^emove the water and 



red^e t^Be remaining residues to a 
>afe, non-burnable ash The a^h (^n 
'be. disposed of safely on land, in 
some waters, or into caves or other 
underground locations 



resulting in partial gasification, 
liqifefaction. aA| mineralization of 
pollutants. jggP « ^ 

Dtstiltation in waste treatment con- 
sists of heating the effluent and then • ^ 
removing the vapor^r steam. When ^"f'^^'*^*^" ^"^ penetration of 
the steam is return^ to ajiquid it is through the ground's surface 
almost pure water The pollutaiH sub-surface soil 
remain in th* concentrated residue. ^ , ^ 

Infiltration/ Percolation is < a, land 
. , ^ . applicatvon technique where large 

Effluent is the liquid thaNcomes out volumesof waste water are applied to 
o a treatment plant aftercompletion ^^^l ^^^^^^ .^^ate the sur- 

of the treatment process ^ f^^^ ^reolate through the 

' underlying soil 
Eutrophication: The normally slow 

Agmg process by which a lake evolves sewers >n'a comb.ned 

mto a b«g or marsh and ul..m,tel> ^ of the sewage 

assumes a completely terrestrial state ,he treatment plant In a stor^, 

and disappears Dunng eutrt,ph,ca- ,^ 3„„^ ^^^/^^ 

tion the lake becomes so rich in « . » . « * « . 

. ,, now directly mto a receiving stream, 

nutritive comaounds, especia y ni- -ru * * *u . . . i * 

. . I. , This protects the rtreatment plant 

trogen and phosphorus, thafalcae r i ■ i j j r 

„_j \ V from being overloaded in case of a 

sudden"* surge of water jnto the 



and other micro^pic plant 
become super-abundant, thereby 
"choking*' the lake." and causing it 
eventually to dry up Eutrophication 
may be accelerated by many human 
act IV It id * 



era^ 

1 ^he < 



Coagulation i^he clumping together 
of solids to make them settle out of 
the ^wage faster Coagulation of 
solids IS brought about with *the use 
of certain ^chemicals such as liii^e. 
alum and iron salts 

Combkied Sewer carries both sewage 
and storm water run-off 

Comminator is a dbvice for the 
catching and shredding of heavy 
solid matter In the primary stage of 
waste treatment. 

DHTiMcd Air IS a technique by which 
air under pressure is forced into 
icwage in an aeration tank The air is 
pumped down #into the sewage 
through a pipe and e/scapes out 
O ties tn the side of the pipe. 

ERlCv 



Floe IS a clump of solids formed In 
sewage by biological or chemical 
ac^on 

FloccUlation is the process by which 
clrnnps of solids m sewage are made 
to increase m si/e by chemical, 
physical, or biological actioji^ 

Fungi are small, iion-chlorophyll- 
bearing plants whic^i may play a 



sewers Imer6eptors are also used in 
separate sanitation systems to collect 
the flaws from main and trunk 
sewers and carry them to the points/ 
of treattaif nt 

Ion IS an electrically charged atom or 
group of atoms which can be drawn 
from waste water during the electro- • 
dialysis process. 

\ 

Irrigation is a land application 
technique where waste water is appli- 
ed to' the land to supply the wat^r 
and nu^lent needs of plants. ^ 

Land Application - the discharge of 



useful role m trickling filter treaSr.^^*^^ ground for 

mey operations ^ 'Ireatme^nt or reuse. 

[literal sewers are the pipes that run 
Groundwater is the body of ^ater u^jer the streets of a city and into 
beneath the surface of the ground It which empty the sewers from homes 
IS made up primaCrily oC the watex or businesses 
that has seeped down from the ^ 

^"^^^^^ , Mechaniifal Aeration uses mechani- 

cal energy to inject air intp water. 
Aising the waste stream to absorb 
g(n from the atmosphere 



3u 



MicrobM«re mimitc plant or animal 
life SbAmicfobes which ma>;cause 
disease eX4st in sewage ' , 
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Mix€«l Liquor is a mixture 
activated sludge and waters contain- 
ing organic matter undergoing acti- 
vated sludge treatment m the aera- 
tion tank. « 

Nitrogenous wastes: Wastes of ani- 
mal or plant brigin that contain a 
significant concentration of nitro> 
gen. 0 

Nutrients: Elements or compounds- 
essential as raw ma^terials for orga- 
nism growth and development, f/or 
example, carbdn, oxygen, nitrogen 
and phosphorus. 

Organic Matter is the carbonaceous 
waste contatfied in plant or animal 
matter and wigmating from domes- 
tic or industrial sources 

Overland Flow is a land application 
technique that cleanses ^aste water 
by allowing it to. flow dver a sloped 
surface. As the ijvater flows over the 
surface, the contaminants are re- 
moved and the water is collected at 
the bottom of the slope fpr reuse 

Oxidation is tSe addition of oxygen 
which breaks down organic waste's or 
. chemicals m seywage by bacteria! and 
chemical means. 

Oxidation Pond is a man-made lake 
or body of water in which wastes are 
consumed by bacteria It is used 
.most frequeVitly with other waste 
treatment processes An oxtotion 
pond IS basically the ^anry as a 
^wage lagoon ^ I 

Percolation is the mpvSient of 
water through siib-surficJ£soil la>- 
ers, usually CQlitinuing (iimnward to 
the groundwater Jf, ' ' 

Phosphorus; An element that while 
essential to life, contributes to Ahe 
eutrophiqption of lakes and ppther 
bodies of water * % / 

Pothition results when animal, vcg- 
etable, mineral or heat wastes or 
discharges reach water, making it 
less desirable for domestic, recrea- 
V .*try, or wildlife uses 



Polyele^trolytes are synthetic chemi- 
cals used to speed tiir removal of 
solids from sewage The chemicals 
cause the solids to flocculate or 
clump together, more rapidly than 
themicals like alum^or lime 
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Primary treatment is the sta^ m 
basic treatment that removes the 
matenal that floats or will settle in 
sewage it is accomplished by using 
screens to catch the floaling objects 
and tanks for the heavy matter to 
settle in 

Receiving Waters |re r>vers, lakes, 
oceans, or other water courses that 
receif^e treated or untreated waste 
waters 

Salts are the minerals that water 
picks up as jt passes through the air, 
over and under the ground, and 
through household and industrial 
uses 

Sand Filters reilktve some sus- 
pended solids fronl sewage Air and 
, bacteria decompose additional 
wastes filtcrmg' through the sand 
Cleaner water drains from the bed 
The sludge accumulating at the 
surface mu^t be removed from the 
bed periodically » 

Sanitary Sewers» m a separate sys- 
tem, are pipes in a city that carry 
only domestic waste water The 
storm water runoff is taken care of 
by a separate system of pipes 

Secondary Treatment is the second 
stip in most wa&te treatment sys- 
tems in which bacteria consume the 
organic pajts of .the wastes It is 
accOmplisheiS by bringing the sew- 
age and bacteria together in trickling 
filters or in the ^ictivdted sludge 
process 

Sedimentation Tanl^ help remove 
solids from sewage The waste water 
IS pumped to the tanks where the 
solids settle to the bottom or float on 
the top as scum The scum is 
skimmed off the top, and solids on 
the bottom arc pumped to incinera- 
tion, digestion, filtration or ^her 
means of final disposal. 



Septic Tanks are used for domestic 
wastes when a sewer line is not 
available to carry them to a treat- 
ijient plant. The wastes are piped to 
underground tanks directly from the 
home or homes The bacteria in the 
wastes decompose the orgaitjc waste 
and, the sludge settles on the oottom 
of the tank The effluent flows out of 
the tank into the ground through 
drains The sludge is pumped out of 
"thp tanks, ysually. by commercjp^l 
firms, at regular intervals. ^ ' 

f 

Sewers are a system of pipes ihat 
collect a nd de liver waste* wattf to 
treatment plants or receiving 
streams 



Shidge IS the solid matter that settles 
to the bottom, floats, or becomes 
suspended in the sedimentatioh 
tanks and must be disposed of jfy 
filtration and incineration or joy 
transport to appropriate disposal 
sites S , 

Sterilization is the d^ruction of all 
living organisms^^^ contrast^ disin- 
fection IS the destruction of most of 
the living organisms 

Storm Sewers are a separate system 
of pipes that carry only runoffs from 
buildingy^nd land during a storm. 

Suspended Solids are the sifTtll 

particles of sblid pollutants which 
are present in, sewage and which 
resist sepk#atfon from the water by 
conventional means 

Trickling Filter is a support media 
for bacterial growth*; usually a bid of 
tocks or stones The sewage is 
trickled over the bed so the bacteria 
can break^down the organic waste^ 
The bacteria collect on the st«ne& 
through repeated use of the filter 

Waste Treatment Plant is a series of 
tanks, screens, filters, and other, 
processes by which pollutants are 
removed from water. 

Virus IS t A smallest form of micro- 
organism capable of causirtg disease. 
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